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(54) ORGANIC ELECTROLUMINESCENT ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance light taking out efficiency by forming a region, where 
the turbulence of reflection and angle of refraction of light on the interface is produced, in at 
least one in the vicinity of the interface of an organic layer and an electrode layer in a pair of 
electrode layers between which the organic layer of a luminescent layer is interposed. 
SOLUTION: An organic electroluminescent element is constituted by interposing an organic 
layer containing a luminescent layer between a pair of electrode layers whose at least one is 
transparent. A region which is formed by heterogeneously dispersing two or more kinds of 
materials and where the turbulence of reflection and angle of refraction of light is produced is 
formed in at least one in the vicinity of the boundary between at least one electrode layer and 
the organic layer. Irregular reflection and irregular refraction of light are produced, trap of light 
in the layer caused by total reflection is reduced, and the taking out efficiency of light is 
enhanced. The interface is smooth, and local, uneven electric characteristics are not generated, 
and uneven luminescence and dielectric breakdown are not generated. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the organic electroluminescent element of the structure which pinched 
the organic layer of one side [ at least ] containing a luminous layer in the electrode 
layer of a transparent pair The organic layer near the interface at least with the 
organic layer of one [ at least ] electrode layer, The organic electroluminescent 
element characterized by preparing the field which makes reflection and angle of 
refraction of the light in the above-mentioned interface which distributed two or more 
sorts of ingredients to the ununiformity, and was formed at least in one side in near 
the interface with one [ at least ] electrode layer produce turbulence. 
[Claim 2] The organic electroluminescent element characterized by preparing the field 
which the front face by the side of the ejection of light is made [ field ] into a 
scattered reflection side among the components concerned, or makes reflection and 
angle of refraction of the light in the above-mentioned front face produce turbulence 
in the organic electroluminescent element equipped with the organic layer containing 
a luminous layer near the front face by the side of the ejection of the 
above-mentioned light. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to an organic electroluminescent 

element. 

[0002] 

[Description of the Prior Art] The hole and electron which were poured in from the 
electrode layer of the pair which sandwiches a luminous layer recombine 
luminescence of an organic electroluminescent element within the above-mentioned 
luminous layer, it generates an exciton, and is considered to be based on exciting the 
molecule of luminescent material with which it constitutes a luminous layer. And if a 
fluorochrome is used as a luminescent material, an emission spectrum equivalent to 
the photoluminescence of the coloring matter molecule concerned will be obtained as 
electroluminescence luminescence. 

[0003] [C.W.Tang and S.A.VanSlyke which carries out green luminescence efficiently 
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by the low battery about 10V, compared with the conventional organic 
electroluminescent element recently equipped with the luminous layer of monolayer 
structure and as which the component equipped with two-layer [ of a hole 
transportation layer and an electronic transportability luminous layer ] was proposed 
by Tang and Vanslyke; Appl.Phys.Lett., 51 (1987) 913]. The configurations of a 
component are the anode plate formed on the glass substrate, a hole transportation 
layer, an electronic transportability luminous layer, and cathode. 

[0004] With the above-mentioned component, while a hole transportation layer serves 
to pour in a hole from an anode plate to an electronic transportability luminous layer, it 
prevented escaping to an anode plate, without the electron poured in from cathode 
recombining with a hole, and the role which confines an electron into an electronic 
transportability luminous layer is also played. For this reason, according to the 
containment effectiveness of the electron by this hole transportation layer, compared 
with the component of the conventional monolayer structure, the recombination of a 
hole and an electron happens more efficiently, and the sharp fall of driver voltage is 
attained. 

[0005] Moreover, Saito and others sets for the component of two-layer structure. It 
was shown that not only an electronic transportation layer but a hole transportation 
layer can turn into a luminous layer (hole transportability luminous layer), and also 
they are [CAdachi and T.Tsutsui and S.Saito.; Appl.Phys.Lett., 55 (1989) 1489], 
Between a hole transportation layer and an electronic transportation layer [CAdachi 
which proposed the organic electroluminescent element of the three-tiered structure 
into which the luminous layer was inserted, S.Tokito, T.Tsutsui and S.Saito; 
Jpn.J.Appl.Phys., 27 (1988) L269]. 

[0006] The component of Saito's and others two-layer structure consisted of the 
anode plate formed on the glass substrate, a hole transportability luminous layer, an 
electronic transportation layer, and cathode, and it prevented escaping to cathode, 
without the hole poured into a previous thing and previous reverse from the anode 
plate while the electronic transportation layer served to pour in an electron from 
cathode to a hole transportability luminous layer recombining with an electron, and the 
role which confines a hole into a hole transportability luminous layer has also been 
played. For this reason, the sharp fall of driver voltage is attained like a previous thing 
according to the containment effectiveness of the hole by this electronic 
transportation layer. 

[0007] Moreover, the component of Saito's and others three-tiered structure is what 
improved previous Tang s and others component further. While serving to consist of 
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the anode plate formed on the glass substrate, a hole transportation layer, a luminous 
layer, an electronic transportation layer, and cathode, and for a hole transportation 
layer to confine an electron in a luminous layer In order that an electronic 
transportation layer may serve to confine a hole in a luminous layer, compared with 
the thing of two-layer structure, the recombination effectiveness of the electron 
within a luminous layer and a hole improves further. Moreover, the above-mentioned 
electronic transportation layer and a hole transportation layer serve to prevent 
escaping and carrying out quenching of an electron and the exciton generated by the 
recombination of a hole to the electrode layer of one of yin and yang. Therefore, 
according to the component of the three-tiered structure which Saito and others 
proposed, luminous efficiency improves; further. 
[0008] 

[Problem(s) to be Solved by the Invention] External energy-efficiency etaE which 
shows the luminous efficiency of an electroluminescent element according to TsutsuK 
(ext) Internal energy effectiveness etaE of a component (int) And ejection 
effectiveness etaEXT of light Formula (a) : [0009] 
[Equation 1] 

7? E (ext) = 7) 77 E (int) (a) 

[0010] ["latest advance of organic electroluminescence" Tetsuo Tsutsui in ******, 
display , and imaging 1994, vol.3, pp.237-245]. Moreover, it is internal energy: 
effectiveness etaE (int) of a component among the above. Formula (b) : [001 1] 
[Equation 2] 

77 E (int)= 77 *(int) — ^ — (b) 

[0012] **** profit and internal-quantum-efficiency etaphi (int) Average energy 
epsilonP of applied voltage V and the photon emitted (eV) asks and 
internal-quantum-efficiency etaphi (int) is a formula (c) further. : [0013] 
[Equation 3] 

77^(int)=r V r Vf (c) 

[0014] Generation effectiveness etar of**** profit, an electron, and the impregnation 
balance factor gamma of a hole and the singlet exciton by carrier recombination 
Luminescence quantum efficiency etaf from a singlet exciton It asks. And it is 
internal-energy effectiveness etaE (int) of a component for the purpose of 
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improvement in the luminous efficiency of the former and an electroluminescent 
element. It is generation effectiveness etar of the above-mentioned impregnation 
balance factor gamma and a singlet exciton in order to raise. And luminescence 
quantum efficiency etaf from a singlet exciton About improvement, examination is 
made variously. 

[0015] For example, although the impregnation balance factor gamma is a multiplier 
which shows the impregnation balance of an electron, the electron with which a hole 
sets to 1.0 equivalence and the ideal condition of being poured in, and a hole and it is 
usually gamma< 1.0, in the case of an organic electroluminescent element, it can bring 
close to 1.0 by improving the balance of the impregnation of an organic layer as 
multilayer structure more than two-layer with an electron and a hole as mentioned 
above, for example. 

[0016] Moreover, if an idea that a triplet exciton and a singlet exciton occur at a rate 
of 3:1 is followed by the difference in the spin multiplicity at the time of an electron 
and a hole recombining, it will be generation effectiveness etar of a singlet exciton. 
Maximum is above-mentioned generation effectiveness etar, if it even takes into 
consideration that the generated triplet exciton converts into a singlet exciton, 
although it is 0.25. It increases to 0.40. 

[0017] Furthermore, it is luminescence quantum efficiency etaf from a singlet exciton. 
If luminescence from one molecule which was mainly reflecting the property of 
photogene propers, such as a fluorochrome, and was isolated simply is taken into 
consideration, it will be fluorescence quantum efficiency [ of a proper ]: [0018] to a 
photogene molecule or a molecule solid-state. 
[Equation 4] 

** 

[0019] Although it is equal, in an actual component, there is loss of the ******** 
energy by various kinds of energy processes accompanying the lamination of a 
component. Then, the lamination of a component is devised and it is luminescence 
quantum efficiency etaf from a singlet exciton to make an organic layer into the 
multilayer structure more than two-layer as mentioned above, while enlarging 
fluorescence quantum efficiency of the molecule itself and the molecule solid-state 
itself etc. Bringing close to 1.0 is considered. 

[0020] ejection effectiveness etaEXT of the light which is another factor which 
determines the luminous efficiency of an electroluminescent element on the other 
hand **** — the optical structure of a component is involved. Namely, although it is 
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necessary to pass the interface (for the interface of the outermost layer of a 
component and atmospheric air to be included) of the medium by which some 
refractive indexes differ in order to emit luminescence by the luminous layer into 
atmospheric air For the light which carried out incidence to the field side the include 
angle beyond the critical angle when following the law of refraction of Snell, since total 
reflection is carried out by the interface, it is confined into a layer, the inside of the 
layer concerned is guided and it disappears, only the part is ejection effectiveness 
etaEXT of light. It falls. 

[0021] Ejection effectiveness etaEXT of light in the case of taking out field-like 
luminescence generated in an electroluminescent element in the medium of the 
refractive index n (n> 1.0) which constitutes a luminous layer in the atmospheric air 
whose refractive index is 1.0 When the total reflection in the interface mentioned 
above is taken into consideration, they are the above-mentioned refractive index n 
and the following formula (d). : [0022] 
[Equation 5] 

1 

77 ^ 2rt~ to) 

[0023] Coming out and having the relation expressed is known. If this is applied to an 
organic electroluminescent element, since the refractive index n of the organic 
material which constitutes organic layers, such as a luminous layer, is about 1.6 
Ejection effectiveness etaEXT of the light in an organic electroluminescent element 
Although about 20% of the light which was set to about 0.195 and generated in the 
luminous layer is taken out out of a component As for about 80% of remainder, it turns 
out that it is confined into a component by the total reflection in the interface of each 
class which constitutes a component as mentioned above, and the inside of a layer is 
guided and it disappears. 

[0024] for this reason, internal energy effectiveness etaE (int) mentioned above 
Improvement, simultaneously ejection effectiveness etaEXT of light Raising is an 
important technical problem towards utilization of a future organic electroluminescent 
element. For example, Inoguchi makes the interface of each class which constitutes a 
component a scattered reflection side that the containment to the inside of the layer 
by the total reflection in the interface of the light which emitted light by the luminous 
layer should be reduced, or has proposed distributing the particle which takes the 
dispersion lead in a luminous layer ["electroluminescent display" Toshio Inoguchi, the 
Sangyo Tosho Publishing **********, and July 25, Heisei 3 first-edition issue]. 
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[0025] However, Inoguchi has pointed out in this proposal also about the trouble 
caused by the two above-mentioned law. That is, if it takes into consideration that the 
high voltage is the need, that the thickness of each class which constitutes a 
component is thin, etc. to the drive of an electroluminescent element in order that 
electric field may concentrate on a height among the minute irregularity which 
constitutes this scattered reflection side, when making the interface of a layer into a 
scattered reflection side, it is supposed that there is a possibility that dielectric 
breakdown of a component may arise, from the above-mentioned height. 
[0026] Moreover, in the luminous layer, when distributing the particle which takes the 
dispersion lead and which has the grain boundary which progressed clearly, by the 
particle concerned, the local ununiformity was produced in the electrical 
characteristics of a luminous layer, and it has burned [ there is a possibility that the 
ununiformity and dielectric breakdown of luminescence by it may arise, and ]. The 
purpose of this invention is to offer the new organic electroluminescent element 
which raised the ejection effectiveness of light, without producing an ununiformity, 
dielectric breakdown, etc. of luminescence. 
[0027] 

[Means for Solving the Problem] The 1st organic electroluminescent element of this 
invention for solving the above-mentioned technical problem It is the organic 
electroluminescent element of the structure which pinched the organic layer of one 
side [ at least ] containing a luminous layer in the electrode layer of a transparent pair. 
The organic layer near the interface at least with the organic layer of one [ at least ] 
electrode layer, It is characterized by preparing the field which makes reflection and 
angle of refraction of the light in the above-mentioned interface which distributed two 
or more sorts of ingredients to the ununiformity, and was formed at least in one side in 
near the interface with one [ at least ] electrode layer produce turbulence. 
[0028] In the 1st organic electroluminescent element of this invention of this, 
scattered reflection and the containment to the inside of the layer by the total 
reflection of light since it is random-refracted decrease [ light ] by the field which 
makes reflection and angle of refraction of the light in the above-mentioned interface 
established near the interface of an organic layer and an electrode layer produce 
turbulence, and the ejection effectiveness of light improves. Moreover, the 
above-mentioned interface is smooth, and although the field which was prepared near 
[ this ] the interface when it did not have irregularity with a possibility that electric 
field may concentrate and which makes reflection and angle of refraction of the light 
in the interface concerned produce turbulence distributes two or more sorts of 
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ingredients, both do not have a grain boundary which produces a local ununiformity in 
the electrical characteristics of a layer and which progressed clearly. 
[0029] Therefore, according to the 1st organic electroluminescent element of this 
invention, it becomes possible to raise the ejection effectiveness of light, without 
producing an ununiformity, dielectric breakdown, etc. of luminescence. Moreover, the 
2nd organic electroluminescent element of this invention It is the organic 
electroluminescent element equipped with the organic layer containing a luminous 
layer. It is characterized by preparing the field which makes reflection and angle of 
refraction of the light in the above-mentioned front face which made the front face by 
the side of the ejection of light the scattered reflection side among the components 
concerned, or distributed two or more sorts of ingredients to the ununiformity, and 
was formed near the front face by the side of the ejection of the above-mentioned 
light produce turbulence. 

[0030] the account of a top — the 2nd organic electroluminescent element of -this 
invention The front face by the side of the ejection of the light of a component which 
is not related to the electrical characteristics of a luminous layer [ whether it 
considers as a scattered reflection side as mentioned above, and ] Or without 
producing an ununiformity, dielectric breakdown, etc. of luminescence near [ front 
face ] the above because of what prepared the field which makes reflection and angle 
of refraction of the light in the front face concerned produce turbulence, the 
containment to the inside of the layer by the total reflection of light can be reduced, 
and the ejection effectiveness of light can be raised. 

[0031] In addition, the field which makes reflection and angle of refraction of a light 
here produce turbulence is a field which has the function to make either whenever [ in 
the interface or front face of the light which emitted light by the luminous layer among 
organic layers, and carried out incidence to the interface with an electrode layer, or 
the front face by the side of the ejection of the light of a component concerned / 
angle-of-reflection ], or whenever [ angle-of^refraction ], and both produce 
turbulence. 
[0032] 

[Embodiment of the Invention] First, the 1st organic electroluminescent element of 
this invention is explained. The organic electroluminescent element of the above 1st 
has the structure which pinched the organic layer of one side [ at least ] which 
contains a luminous layer at least in the electrode layer of a transparent pair. 
[0033] An organic layer may be the monolayer structure of having only a luminous 
layer, as usual, and may be multilayer structure, such as two-layer [ which was 
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combined with various layers as the luminous layer was mentioned above ] or three 
layers, and four etc. layers, the combination of the hole transportability luminous layer 
and electronic transportation layer which were mentioned above as an example of 
two-layer structure, for example — or the combination of an electronic 
transportability luminous layer and a hole transportation layer etc. is raised. 
[0034] Moreover, a hole transportability luminous layer besides the combination of the 
hole transportation layer, luminous layer, and electronic transportation layer which 
were mentioned above as an example of a three-tiered structure, for example, The 
hole block layer which serves to prevent escaping to cathode, without the hole poured 
in from the anode plate recombining with an electron, and to confine a hole into a hole 
transportability luminous layer, combination with an electronic transportation layer — 
or it prevents escaping to an anode plate, without an electronic transportability 
luminous layer and the electron poured in from cathode recombining with a hole, and 
the combination of the electronic block layer which serves to confine an electron into 
an electronic transportability luminous layer, and a hole transportation layer etc. is 
raised. 

[0035] the combination of the hole impregnation layer which serves to rescue that a 
hole is injected into a hole transportation layer, for example from an anode plate as an 
example of further 4 layer structures, a hole transportation layer, a luminous layer, and 
an electronic transportation layer — or the combination of the above-mentioned hole 
impregnation layer, a hole transportability luminous layer, a hole block layer, and an 
electronic transportation layer etc. is raised. The above-mentioned organic layer is 
combined with the yin-and-yang two-electrodes layer for injecting an electron and a 
hole into the organic layer concerned. Under the present circumstances, in order to 
take out luminescence from a luminous layer out of a component, at least one side of 
the above-mentioned two-electrodes layers is formed with transparence electrical 
conducting materials, such as ITO (indium tin oxide), as mentioned above. 
[0036] If protection of a component is taken into consideration, above-mentioned 
each class forms a laminating and the base material formed with glass, transparence 
plastic film, etc., it is desirable to make the base material side concerned into the 
ejection side of the light from a luminous layer, and it should just form the electrode 
layer of the side formed in right above [ of a base material ] with the above-mentioned 
transparence electrical conducting material in this case. Moreover, on the electrode 
layer of the side formed on an organic layer, that a component should be protected 
from moisture, oxygen, etc. in air, a protective layer may be formed or the component 
in which the protective layer was formed may be further closed by glass or the 
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polymer. 

[0037] In this invention, the field which makes the reflection and angle of refraction of 
light which distributed two or more sorts of ingredients to the ununiformity at least 
near the interface with one [ at least ] electrode layer of the above-mentioned 
organic layer near the interface with the organic layer of one [ at least ] electrode 
layer as mentioned above among the organic electroluminescent elements of the 
above-mentioned class structure produce turbulence is prepared. 
[0038] Specifically, it is (1). The whole electrode layer near the interface with the 
organic layer of one side of the electrode layer of the pair whose organic layer is 
pinched, or both, and (2) (3) The field which makes it produce turbulence in reflection 
and angle of refraction of light whether they are both the above (1), (2), and ******** 
is formed. [ one side of the electrode layer of the pair among organic layers, or near / 
both / the interface ] 

[0039] What is necessary is to be able to consider various approaches, in order to 
establish the above-mentioned field in a predetermined part, but to form by 
coincidence vacuum evaporation© of two or more sorts of mutually different 
ingredients, or just to dope the ingredient of another side in the layer which formed 
the layer concerned with one ingredient, in order to establish the above-mentioned 
field in the layer formed, for example of vapor growth, such as a vacuum deposition 
method. For example, what is necessary is just to form the electrode layer concerned 
like the example mentioned later by the with a vacuum evaporationo velocity ratio of 
about 10:1 vapor codeposition of magnesium (Mg) and silver (Ag), in order to prepare 
the field which makes the electrode layer of the side which is not transparent produce 
turbulence in reflection and angle of refraction of light, and the field which makes the 
angle of reflection of light produce turbulence in more detail. 

[0040] Thus, as a result of becoming the structure distributed without having the grain 
boundary where a MgAg alloy phase is clear in the continuous phase of Mg and 
producing turbulence in the angle of reflection of the light from a luminous layer as 
mentioned above, the formed electrode layer reduces the containment to the inside of 
the layer by the total reflection of light, and raises the ejection effectiveness of light. 
In addition, in the above-mentioned electrode layer, two of the followings can be 
considered, for example as a cause which produces turbulence in the angle of 
reflection of the light from a luminous layer. 

** It has various (since a bi-phase does not have the grain boundary which 
progressed clearly as mentioned above) phases, such as Mg phase, a MgAg phase, and 
both intermediate phase, since the interactions to the incident light of each phase 
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differ, a difference arises in angle of reflection, consequently the interface with the 
organic layer of an electrode layer produces turbulence in the angle of reflection of 
the light from a luminous layer. 

** By the oxygen contained in an ambient atmosphere or an organic layer in the case 
of component production, since it changes with each above-mentioned phases from 
which the interface of the above-mentioned electrode layer and an organic layer has 
oxidized very slightly, and the presentation of the oxidizing zone constitutes an 
electrode layer, a difference arises also to the rate of optical refraction, consequently 
produce turbulence in the angle of reflection of the light from a luminous layer. 
[0041] In addition, what is necessary is just to distribute at an ununiformity the 
transparent material from which two or more sorts of refractive indexes differ in 
transparent layers other than the above-mentioned electrode layer, in order to form in 
reflection and angle of refraction of light the field which produces turbulence. In the 
decentralized structure of two or more sorts of ingredients which make reflection and 
angle of refraction of light produce turbulence, although especially the magnitude (for 
example, magnitude of the MgAg alloy phase distributed in the continuous phase of 
Above Mg etc.) of the above-mentioned decentralized structure is not limited, it is 
desirable that they are 1 of the luminescence wavelength from a luminous layer / 
about 10 to 10 times. 

[0042] When the magnitude of a decentralized structure is under the 
above-mentioned range or exceeds the above-mentioned range, there is a possibility 
that the effectiveness of reducing the total reflection in the interface of luminescence 
from a luminous layer may become inadequate by turbulence of reflection and angle of 
refraction. In addition, as for especially the magnitude of the above-mentioned 
decentralized structure, it is desirable that above-mentioned within the limits is also 
luminescence wavelength and below actual size much more. 

[0043] Below, the 2nd organic electroluminescent element of this invention is 
explained. The organic electroluminescent element of the above 2nd is equipped with 
the organic layer containing a luminous layer. Monolayer structure or the laminated 
structure more than two-layer is sufficient as the lamination of an organic layer like 
the case of the 1 st previous organic electroluminescent element. 
[0044] An electrode layer and a base material as well as the case of the 1st previous 
organic electroluminescent element can constitute. Namely, if protection of a 
component is taken into consideration, an organic layer and an organic electrode layer 
should just form the electrode layer of the side desirable [ as transparence base 
materials, such as glass and transparence plastic film, / the base material side 



- 10 - 



■ tf 

JP09- 129375 



concerned / into the ejection side of the light from a luminous layer ] and formed [ a 
laminating and the base material formed ] in right above [ of a base material ] in this 
case with a transparence electrical conducting material. 

[0045] Moreover, on the electrode layer of the side formed on an organic layer, that a 
component should be protected from moisture, oxygen, etc. in air, a protective layer 
may be formed or the component in which the protective layer was formed may be 
further closed by glass or the polymer. In this invention, the field which makes the 
reflection and angle of refraction of light which made the front face by the side of the 
ejection of light the scattered reflection side, or distributed two or more sorts of 
ingredients to the ununiformity, and was formed near the front face by the side of the 
ejection of the above-mentioned light as mentioned above among the organic 
electroluminescent elements of the above-mentioned class structure produce 
turbulence is prepared. 

[0046] When the ejection side of ** light is a transparence base material side as 
mentioned above, specifically The front-face [ in which each class of the 
transparence base material concerned is formed / of a side and the opposite side ], 
and ejection side of ** light When it is the electrode layer side of a base material and 
the opposite side and a protective layer is formed in the front face of the electrode 
layer concerned, and the front face of the ** above-mentioned electrode layer, the 
front face of the protective layer concerned and the field which it is made [ field ] into 
a scattered reflection side whether to be ********, or makes reflection and angle of 
refraction of light produce turbulence near each above-mentioned front face are 
formed. 

[0047] In addition, as for the transparence base material of **, it is [ among these ] 
desirable to roughen the front face by approaches, such as mechanical polishing, and 
to consider as a scattered reflection side in respect of workability etc. It is forming by 
coincidence vacuum evaporationo of two or more sorts of ingredients which are 
mutually different as mentioned above because of that in which the electrode layer of 
** and the protective layer of ** are formed mainly with vacuum deposition on the 
other hand, or doping the ingredient of another side in the layer formed with one 
ingredient, and it is desirable to form the field which makes reflection and angle of 
refraction of light produce turbulence near the front face. 

[0048] Although especially the magnitude of the irregularity which constitutes the 
above-mentioned scattered reflection side is not limited, it is desirable that the RMS 
values showing extent of the irregularity of a scattered reflection side are 1 of the 
luminescence wavelength from a luminous layer / about 10 to 10 times. When an RMS 
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value is under the above-mentioned range or exceeds the above-mentioned range, 
there is a possibility that the effectiveness of reducing the total reflection in the 
interface of luminescence from a luminous layer may become inadequate by scattered 
reflection. 

[0049] In addition, as for especially the above-mentioned RMS value, it is desirable 
that above-mentioned within the limits is also luminescence wavelength and below 
actual size much more. As for the magnitude of the decentralized structure of two or 
more sorts of ingredients which, on the other hand, constitute the field which makes 
the reflective angle of refraction of light produce turbulence, it is desirable that they 
are that explanation of the 1st previous organic electroluminescent element described 
and a homotype enclosure. 

[0050] In the organic electroluminescent element of the above 2nd, the configuration 
of the 1st organic electroluminescent element mentioned above may be introduced 
into one [ at least ] interface among a further organic layer and the layer of the pair 
which sandwiches it. That is, near [ interface ] the above, the field which makes the 
reflection and angle of refraction of light which distributed two or more sorts of 
ingredients to the ununiformity, and was formed produce turbulence may be prepared. 
In this case, the reduction effectiveness of the total reflection in the front face by the 
side of the ejection of light and the reduction effectiveness of the total reflection in 
the above-mentioned interface can improve the luminous efficiency of a component 
further conjointly. 
[0051] 

[Example] This invention is explained based on an example and the example of a 
comparison below. 

ITO (indium tin oxide) was vapor-deposited with example 1 electron-beam vacuum 
deposition, it was made to wash and dry in a boiling methanol, and the glass base 
material in which the thickness of 150-160nm and the ITO electrode layer of 15ohms 
of sheet resistance and ** were formed was further defecated in UV ozone ashing, 
after using a detergent (SEMIKO — clean), distilled water, an acetone, and 
isopropanol for this order and cleaning them ultrasonically. 

[0052] It is a formula (1) first on the above-mentioned ITO electrode layer by the 
bottom of the condition of ultimate-vacuum:! x10-6Torr, a substrate 
temperatureroom temperature, an evaporation rate 0.2 - 0.3 nm/ s, and the vacuum 
deposition method in the condition of having set this glass base material in the 
vacuum evaporation system next, and having equipped with the mask corresponding 
to the configuration of a luminescence field. : [0053] 
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[Formula 1] 




[0054] It comes out, the N [ which is expressed ], N'-diphenyl-N, and N'-screw 
(3-methylphenyl) -1, the T-biphenyl -4, and 4-diamine are vapor-deposited, the hole 
transportation layer of 40nm of thickness is formed, and then it is a formula (2) by the 
vacuum deposition method at these conditions succeedingly on this hole 
transportation layer. : [0055] 
[Formula 2] 




[0056] Tris (8-quinolate) aluminum come out of and expressed (III) The complex was 
vapor-deposited and the electronic transportability luminous layer of 60nm of 
thickness was formed. Ultimate-vacuum:! x10-6Torr, substrate temperature after 
exchanging a mask for the thing corresponding to the configuration of cathode in 
atmospheric air next : with a vacuum deposition method under a room temperature 
and the condition of evaporation rate 1 nm/s Vapor codeposition of Mg and Ag is 
carried out by the evaporation rate ratio 10:1 on the above-mentioned electronic 
transportation layer. After forming Mg/Ag=10 / 1 (mole ratio), and the Mg/Ag 
electrode layer of 150nm of thickness, on it, the independent vacuum evaporationo of 
Ag was carried out, the protective layer of 100nm of thickness was formed, and the 
organic electroluminescent element was manufactured. 

[0057] And when direct current voltage was impressed between two electrodes in a 
room temperature and atmospheric air, having used the anode plate and the Mg/Ag 
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electrode layer as cathode for the ITO electrode layer of the above-mentioned 
organic electroluminescent element, green luminescence (luminescence peak 53nm) 
from an electronic transportability luminous layer was observed on the electrical 
potential difference beyond 4V. moreover, the place which measured the 
luminescence brightness of the above-mentioned component using the luminance 
meter [LS-1 00 by Minolta Co., Ltd.] — the highest brightness — 20000 cd/m2 it is — 
moreover, when the luminous efficiency of a component was searched for from this 
result, the highest luminous efficiency was 1 .5 Im/W. 

[0058] Furthermore, when X diffraction measurement of the above-mentioned Mg/ Ag 
electrode layer was carried out, since the peak of a MgAg alloy was detected in 
addition to the peak of Mg as this Mg/Ag electrode layer was shown in drawing 1 , it 
turned out that it has the structure where the MgAg alloy phase was distributed, in the 
continuous phase of Mg. And observation by the metaloscope of the above-mentioned 
Mg/Ag electrode layer showed that the above-mentioned MgAg alloy phase was 
distributed in the condition of not having a clear grain boundary in the continuous 
phase of Mg. 

It replaced with the example of comparison 1 Mg/Ag electrode layer, and the organic 
electroluminescent element was manufactured like the example 1 except having 
formed the independent vacuum evaporationo layer (1 50nm of thickness) of Mg. 
[0059] And when direct current voltage was impressed between two electrodes in a 
room temperature and atmospheric air, having used the anode plate and the Mg/Ag 
electrode layer as cathode for the ITO electrode layer of the above-mentioned 
organic electroluminescent element, green luminescence (luminescence peak 53nm) 
from an electronic transportability luminous layer was observed on the electrical 
potential difference beyond 4V. moreover, the place which measured the 
luminescence brightness of the above-mentioned component using the luminance 
meter [LS-1 00 by Minolta Co., Ltd.] — the highest brightness — 8000 cd/m2 it is — 
moreover, when the luminous efficiency of a component was searched for from this 
result, the highest luminous efficiency was 1.0 Im/W. 

The organic electroluminescent element was manufactured like the example 1 except 
having carried out mechanical polishing of the front face of the side which forms the 
ITO electrode layer of the glass base material equivalent to the front face by the side 
of the ejection of light of two examples, and the opposite side so that surface 
roughness might be set to 10-20nm with an RMS value. 

[0060] And when direct current voltage was impressed between two electrodes in a 
room temperature and atmospheric air, having used the anode plate and the Mg/Ag 



- 14 - 



JP09- 129375 



electrode layer as cathode for the ITO electrode layer of the above-mentioned 
organic electroluminescent element, green luminescence (luminescence peak 53nm) 
from an electronic transportability luminous layer was observed on the electrical 
potential difference beyond 4V. moreover, the place which measured the 
luminescence brightness of the above-mentioned component using the luminance 
meter [LS-100 by Minolta Co., Ltd.] — the highest brightness — 43000 cd/m2 it is — 
moreover, when the luminous efficiency of a component was searched for from this 
result, the highest luminous efficiency was 3.81 m/W. 

It replaced with the example 3 Mg/Ag electrode layer, and the organic 
electroluminescent element was manufactured like the example 2 except having 
formed the aluminum/Li electrode layer of 150nm of thickness, and the 0.05 % of the 
weight of the degrees of Li ** with the vacuum deposition method using the aluminum 
(aluminum) lithium (Li) alloy (the 2 % of the weight of the degrees of Li **) as 
evaporation matter. 

[0061] And when direct current voltage was impressed between two electrodes in a 
room temperature and atmospheric air, having used the anode plate and the 
aluminum/Li electrode layer as cathode for the ITO electrode layer of the 
above-mentioned organic electroluminescent element, green luminescence 
(luminescence peak 53nm) from an electronic transportability luminous layer was 
observed on the electrical potential difference beyond 4V. moreover, the place which 
measured the luminescence brightness of the above-mentioned component using the 
luminance meter [LS-100 by Minolta Co., Ltd.] — the highest brightness — 21000 
cd/m2 it is — moreover, when the luminous efficiency of a component was searched 
for from this result, the highest luminous efficiency was 1.6 Im/W. 
[0062] In addition, when the above-mentioned aluminum/Li electrode layer was 
observed with the metaloscope, it turned out that it is the uniform continuation layer 
of an AILi alloy. 
[0063] 

[Effect of the Invention] As explained in full detail, as mentioned above, the organic 
electroluminescent element of this invention Near the front face by the side of the 
ejection of the light of a component near the interface of an organic layer and an 
electrode layer It becomes possible to raise the ejection effectiveness of light, 
without producing an ununiformity, dielectric breakdown, etc. of luminescence 
because of what prepared the field which makes the reflection and angle of refraction 
of light which distributed two or more sorts of ingredients to the ununiformity, and was 
formed produce turbulence, or made the front face by the side of the ejection of the 
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light of a component the scattered reflection 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the graph in the organic electroluminescent element manufactured in 
the example 1 of this invention which shows the X diffraction spectrum of a MgAg 
electrode layer. 
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